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MILITARY SPECIFICATION

SEMICONDUCTOR DEVICE, TRANSISTOR, HPH, SILICON, POWER
TYPES 2M5152, 2N5154, JAM, JANTX & JANTXV

This specification is approved for use by the Rome Air
Development Center, Department of the Air Force, and
is availabie for use by all Departments and Agencies
of Defense.

1. SCOPE

1.1 Scope. This specification covers the detail reguirements for NPH, silicon,
power transistors for use in high-speed power-switching applications. Three levels
of product assurance are provided for each device type as specified in MIL-$-19500.

1.2 Physical dimensions, See Figure 1 (T0-39)
1.3 Maximum ratings.

Pr 1/ P. 2/ v v v i I. 3/|Reverse | Safe T
TT N I 250 CBD{ "CEO EBO |°C c bulse 4/| Operat- stg
A ‘e Energy™ | ing Area
W M vdc | vde [vde |Adc |Adc mJ See ec
1 1.8 Y00 | B0 [ 5.5 2 |70 T35 Figure 65 to
5 +200

.1/ Derate Yinearly 5.7 mw/9C for Tp > 25°C
2/ Derate linearly 66.7 mw/9C for T¢ > 25°C
3/ This value applies for Pw £ 8.3 ms, duty cycle < 1%
4/ This rating is based on the capability of the transistors to operate safely
in the unclamped inductive load energy test circuit of Figure 4.

1.4 Primary electrical characteristics at TC = 25%.

h lh I v y c R,
FE2 1/ fe BE(sat}2 CE(sat)? obo 8J-C
LIMITS VCE= 5v VCE =-5V It = 5 Adc IC = 5 Adc YCB = 10vdc
Ic = 2.5A Ic = 300 mA IB= 500 mAdc IB = 500 mAde Ig = 0
f = 10 MH2 f =1 MHZ
2N5152 2N5154 {25152 2M5154
vde vde _F e
Min 30 70 6 7 -- -- - -
Hax 90 200 -- -- 2.2 1.5 250 15
-I_ .

1/ Pulsed (See 4,5.1)

Beneficial comments {Recommendations, additions, deletions) and any pertinent
data which may be used in improving this document should be addressed to: Rome
Air development Center, RADC, Griffiss AFB, NY 13441 by using the self-addressed
Standardization Document Improvement Proposal (DD Form 1426) appearing at the
end of this document or by letter.

FSC5961
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MIL-5-19500/544 (USAF)
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2. APPLICABLE DOCUMENTS

2.1 lssues of documenis. The foliowing documents, of the issue in effect on date

of invitation tfor tids or request for proposal, form a part of the specification to
the extent specifiad herein.

SPECIFICATION
MELITERY

- -

MIL-%-15300 - Semiconductur Cevices, General Specifization for.

STANDARD
ML ITARY
¥ -ITD-750 - Test Methnds tor 3Ismiconductor Davices

(Copies of specifications, stancards, drawings, and publications required by
suopliers in rconnecticn with specific orccurement functions snould be obtained from
the procuring activity or as directed by the contracting officer).

3.1 Detail Specification. The individual item reguirements shali be in accorcance
-5-19500 and is specified herein.

3.2 Abbreviations, symhols and dafinitions. The abbreviations, symbols and defi-
nitions used nerein are asfines in il-5-15300.

3.3 Desisn, construction ang phve
ohveical dimansicne shall be as speci

jcal dimensions. Tne decign, construction and

Tfied in MIL-5-19500 and Figure 1 harein,
2.3.%7 Lz2ad vateric) and Finish. Lead material shail be xovar or ajloy 52, leag

finish shaTl be do1d plated, tin plated or solder dipped. Where a choice

of lead matarial or finish is desired, it shall be specified in the contract or

procurement document. {See 6.3)

3.3.2 Current Density. Current density of internal conductors shall be as spec-
ified in 3.6.5 of MIL-5S-19500.

3.4 Markina. Marking shall be in accordance with MIL-5-19500, except country of
origin may be omitted.

4. QUALITY ASSURANCE PROVISIQNS

4.1 Sampling and inspection. Sampling and inspection shall be accordance with
MIL-S-1G300, and as specitied herein.

4.2 Cualification insoection. Qualification inspection shall be in accordance
with MIL-5-1952C.

Source: https://assist.dla.mil -- Downloaded: 2016-12-04T15:17Z
Check the source to verify that this is the current version before use.
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DIMENSIONS N
0
INCHES MILLIMETERS T
LTR £
MIN MAX | MIN MAX |5
A .240 . 260 6.10 5. 60
0a 200 TP 5.08TP 6
sEATING |_OD 016 . 021 .41 .53 17,8
PLANE "9b, | . 016 . 019 Al REEA
oD . 335 . 370 8.51 9.40
T EMITTER 0D, | .305 .335 | 1.15 8.51
8ASE
o / h . 009 041 .23 1.04
{ j_-] .oz8 . 034 LT1 .86 12
‘ } ~ K .28 . 045 .74 114 13
= @ L - 500 .750 | 12,10 13,05 |18
L .- . 050 --- 1.27 |18
L, .250 --- §.35 --- |7.8
t
COLLECTOR g : f?? 950 f‘_f‘! 17 f
r —- ~01d === .25 110
a 457 TP 45" TP §

NOTES: .
1. Metric equivalents {to the nearest .0l mm) are given for general indermation oniy and are based
upon 1 inch = 23.4 mm.
Beyond r (radius) maximum. } shall be held for 2 minimum length of . 011 (.28 mm)}
k measured from maximum OD.
Quthine 1n this zone 15 not controlled. .
QD1 shall not vary more than . 010 (.25 mm) in 200 P. Ths zone 15 controtied for automanc

o ode Lo P

handhing.

6. Leads at gage plane .054 -. 001 -, 000 (1.37 - .03 -.00 mm) below seating plane shall be within
.007 (.18 mm) radius of true position (TP}at maximum material condition {MMC) relative 10
tab at MMC. The device may be measured by direct methods or by the gage and gaging procegure
shuown 1n [igure 2. .

1. Oby applies between Ly and Ly. Ob applies between Ly and L miumum. Diameter 1s uncon-

trolled in Ll and beyond L mimmum.

All three leads.

The collector shall be electrically and mechanically connected (0 the case,

r (radius) applies to both inside corners of tab.

Swxm

FIGURE 1. Physical dimensiaons

Source: https://assist.dla.mil -- Downloaded: 2016-12-04T15:17Z .
Check the source to verify that this is the current version before use.
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L H ST AN
g

ey

- ¥ | L, (SEE NCTE
1 - . rbb, ' ’-— ! 3‘
i n .
| 1 i
i

|
R i :
3 ] ew 4
A — W —
! [ - .!: th *f ! ’
/(‘ HEH '!' f
i t
(SEE HOTE ayr THE / L
. il W |
o
IIMENTIONS ot \ h 1
o r:_i..L_.JL..
INCHES MILLIMETERS T I )
LTR E 1
nm MAX | MIN Maxi s b,
m:l .039% .og0%] 1.8 1.5
ov, {0373 NEEE] .81 .25
. L1995 L2005t 3 Q1 3 01
3 | G393 100% | 9.E3 2.5%
h {1 ,1%0 Nomima! 1.5l Haminal
TR T IERET 1 4&
it ] 9350 YRS L3% ] 50 |
T 1 .00 o1 22 i .25 !
.ll'l 135 Momnal 2N Hamiru
i s T 7 15 i FIED)
= RN L d
= 1\1.'4:'- T 10" s 7 { 35 10 3
NOTES:

1. The location of the tab locator within the himits indicated will be determined by the tab and [lange
dimensions of the device being checked.

2. Gaging procedure. The device being measured shall be inssried unti] its seating plane 15 . 1235
:.010(2.18 .25 mm)from the seating surface of the gage, A force o! B ¢.5 0z shall then be
applied paralle} and symmetrical to the dovice's cvhindrical axis, When exarmined visually after
the farce applicaiion (the force need not be removed) the seating plane uf the device shall be
seated against the gage. The use of a pin straightener prior to inseriion in the gage 1s permis-
aibie.

3. Gaging plane.

4. Drill angle.

FIGURE 2. Gage for lead and tab location

Source: https://assist.dla.mil -- Downloaded: 2016-12-04T15:17Z
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4.3 S¢reening JANTX and JANTXY levels only. Screening shall be in accordance
with MIL-S-T9500 (7able TI) and as specitied nerein. The following measurements
shall be made in accordance with Table I herein. [Devices that exceed the limits
of Table I herein shall not be accepted.

Measurements
JANTX, JANTXV Yevels

Screen {see Table ]
of MIL-5-19500)

N Iegsy 8nd hegy
12 See 4,3.1
13 Subgroup 2 of

Table I herein:
Icas1 = +100% of

initial value or
100 na whichever
is greater

& hegs = 4 202

4.3.1 Power burn-in conditions. Power burn-in conditions (TX and TXV} are
as follows.

. . - 0
2N5152, 2NS154 Voo = 40V P = 1.ow T, = 25 + 3%

NOTE: WNo heat sink or forced air cooling on the device shail be
permitted,

4.4 Quality conformance inspection. Quality conformance inspection shall be in
accordance with IiIL-S-19500.
4.4.1 Group A inspection. Group A inspection shall be conducted in accordance

with MIL-5-T9500 and Table [ herein. Endpoint electrical measurements shall be in
accordance with the applicable steps of Table IV, herein.

4.4,2 Group B inspection. Group B inspection shall be conducted in accordance
with the conditions specified for subgroup testing in Table IVb (JAN, JANTX, and
JANTXV) of MIL-S-19300, and Table II herein. Electrical measurements (end points)
;nd deita requirements shall be in accordance with the applicable steps of Table [V

erein.

4.4.3 Group C inspection. Group € inspection shall be conducted in accordance
with the conditions specified for subgroup testing in Table V of MIL-5-19500 and
Table 1II herein. £lectrical measurements (endpoints) and delta requirements shall
be in accordance with the appliicabie stzps of Table 1V herein.

Source: https://assist.dla.mil -- Downloaded: 2016-12-04T15:17Z
Check the source to verify that this is the current version before use.
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TABLE 1 Group A inspection

! MIL-$T0-750 LTPD Lirits I
Exemination or tast JANITY ; i
Hethod Conditions TiY Symibol Min | Mas UnitJ
H SI."‘"“V‘I‘\I—'D 1 g I I
BRSNS i : i
Jisual ard mechan- 2071 | ‘ ; ]
ical asamination
Suboroup 2 5
rgandown voltage 3011 ¢ Bias condition O, YV - g0 - - | Vdc
cnllectar o ! T.=100 méde (eR}ced |
amizrer ] Iy =0 ! }
' i s
Pulsad (see 4.5.1)
{oilectar (o emit- 3047 | Bias condition C, E’fSI -- 1.0 vAce
tar cutoff cur- VCE = 50 Vd¢ -
ront Voo = 0
13
Collector to emig- 3031 j Bias condition C, IC‘S’ -- 1.0 mAdc
ter cutieff cur- VCE = 10C Vdc =
rent - =
VBL 0
Tallgcror o armit- 3647 2ias ccnditinn O, {acn -- 23 1otdz
ter cutoff cur- VC- = 40 Ydc Lev
rent ;5= 9
]
‘Ef;ttff Qg hzre Ingg Sias fongivign D, MU R A W4
b osered sieeaan I : Mo G M . S ! ' 1 i
Ic =0
Emitter t0 base 3061 Bias condition D, I 802 -- 1.0 | m&de
cutoff current VEB = 5.5 Vdc 2
IC =0
Forward - current 3076 Vep = 5 Vdc hep
transfer ratio IE = 50 mAdce Fel
Pulsed (see 4.5.1
2N51352 ( ) 20 - --
215154 50 - --
Forward - current 3076 Vee = 5 Vdc h
transfer ratio I75= 2.5 Ad¢ FE2
Pulsed (see 4.5.1}
Z2n51E2 G ap | --
Zizisd 70 363 .-

Source: https://assist.dla.mil -- Downloaded: 2016-12-04T15:17Z
Check the source to verify that this is the current version before use. ]
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TABLE T Group A inspection
MIL-STD-750 LTPD Lim{ts
Examination or test JAN/TX
Method Conditions TXV Symbol | Min Max |Units
Subgroup 2 {con't
Forward - current 3076 | ¥ = 5 Vd¢ h
transfer ratio CE FE3
IC = 5 Adce
Pulsed(see 4.5.1)
2N5152 20 -- --
2M5154 40 -- -
Base-emitter volt- 3066 | Test condition B v - 1.45] Vdc
BE
age (non- VCE = 5 VYdc
saturated) Ic = 2.5 Adc
Puised(see 4.5,1})
Base-emitter satu- 3066 | Test condition A VBE(sat)1 -- 1.45] Vde
ration voltage Ic = 2.5 Adc
IB = 250 mAdc
Pulsed(see 4.5.1)
Base-emitter satu- 3066 | Test condition A v -- 2.2 | Vdc
ration voltage Ic = 5 Adc BE(sat)2
IB = 500 mAdc
Pulsed(see 4.5.1)
Collector-emitter gn I. = 2.5 Adc ¥ -- 0.75) Vdc
saturatian Ig = 250 mAdc CE(sat)?
voltage Pulsed(seed.5.1)
Collector-emitter 30N 1. =5 Adc v -- 1.5 | vdc
saturattion Ig = 500 mAdc CE(sat)?
voltage . Pulsed(see 4.5.1)
Subgroup 3 5
High temperature Tc = 150%¢
operation:
Collector to 3041 Bias condition A ICEX -~ 500 | vAdc
emitter cutoff VCE = 60 Vdc
current VBE = -2 Vdc

Source: https://assist.dla.mil -- Downloaded: 2016-12-04T15:17Z
Check the source to verify that this is the current version before use.
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TABLE I Group A inspection

MIL-STD-75C LTPh Limits

Cxaminatien or test JEN/TR
Method Conditions TRV Symbal Min [ Max | Units

Sutz-zup 3 (con't}

§
' -0
Low termcaraturs Tr = =337°C

operation:

Forward - currant 3076
transfar ratio

[%4]
Ao
Ny =
(84

1

[}

1

1

0

Subgroup 4 : 5
Common-emitter 32068 | Vao- = 5 Ve h

- : Lt fe

small-signal I. = 1C0 mAd

short-circuit C mAdC

forward-current . f =1 KHz
transter ratio

215752 ' 20 | -- --
2N5154 50 - -

Hagnitude of 3306 | V. = 5 Vdc h

: [ fe
¢ommon-emitter 1. = 300 mAdc |
sm3ll-signal c ) o

1 B v P 'I.:. MYz i | i i

forward-current
transfer ratio

2N5152
2N5154

~

Open-circuit 3236 | V., = 10 Vdc Cobo -- 250 pF
output Capaci- -
I 0
tance
f

Source: https://assist.dla.mil -- Downloaded: 2016-12-04T15:17Z
Check the source to verify that this is the current version before use.
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TABLE 1 Group A inspection

MIL-5TD-750 LTPD Limits

Examination or Test JAN/TX
Method Conditions TXV Symbol Min | Max [Units

Switching time I. = 5 Adc t -- 0.5 1 us
Ig = 500 mAdc an

1

82 = =500 mAdc ts -~ 1.4 1 us

VBE(ofF) = 3.7Vdc t -- 0.5 | us

RL = 6 0
(see Figure 3) toes - 1.5 ] wus

I

Subgroup 5 )
Safe operating 3055 |Pre-pulse 10
area (D.C.) condition for
each test:
Veg = O
Ic =2 Q .
Tc =z 25°C

Pulse condition
for each test:

t =1 sec.
p
1 cycle0
TC = 25°C
(see Figure 5)

b
—

Tast VCE = 5.8 Vdc

= 2,0 Ad
Ic c
Test # 2 VCE = 32 Vdc
Ic = 340 mAdc

Test # 3 VCE = B0 vdc

IC = 20 mAdc

. Source: https://assist.dla.mil -- Downloaded: 2016-12-04T15:17Z
Check the source to verify that this is the current version before use.
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TABLE 1 Group A inspection

P T MIL-5TD-750 LTPD Limits
Ixamination or tesf JAN/TX _
i #ethod Conditians Tiv Symbotl Min | Max Units
—
Sate operating o
area T.=25°¢C
{urclarped QL < 10 o { ' ' i
| ipductive) 88, Tt | !
%4 = 190 o
| BE,
l = MY U I I
L) i - [ ] 1 i
' PL =011 )
i T - { |,'; 1
I cc 12 Ydc i
[ Yea = 10 Ydc
.Al.d'l
Y = 4 Vdc
852
ICH = 10 Adc

{see Figure 4)

End point Sep Teble IV
alactrical Stzns 1,2,3
measurements

Subroues & and 7

, hot apniicadie

10

Source: https://assist.dla.mil -- Downloaded: 2016-12-04T15:17Z
Check the source to verify that this is the current version before use.
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TABLE 11 Group B inspection (all quality levels)

MIL-5TD-750
Examination or test
Method Conditions LTPD
Subgroup 1 is
Solderability 2026
Resistance to solvents 1022
Subgroup 2 10
Thermal shock 1057
{temperature cycling)
Hermetic sea] 107] d. TESt Cond‘ition G or H
a. Fine leak Leak rate = 1X10°8 atm
b. Gross leak cc/sec.
r b. Test condition A,C,D or|F
Electrical measurement See Table IV, steps 1,
2 and 3
Subgroup 3 5
Steady state life 1027 340 hrs, VCB = 40 Vdc
- g - o
‘PT-]”:TA'ZSC
Electrical measurement See Table Iy, steps 1,
2, 4 and 5
Subgroup 4
Decap internal visual 2075 1 device
design verification /0 failure
for each
lot
Bond strength 2037 A1l internal wires are to 20
be pulied (C=0}
Subgroup 5 15
Thermal resistance 3131 See 4.5.2
i1

Source: https://assist.dla.mil -- Downloaded: 2016-12-04T15:17Z
Check the source to verify that this is the current version before use.




MIL-S-19500/ 544 (USAF)
& Aucusr 1980

TABLE II Group B inspection {all quality Tevels)

Eaamination or tes

MIL-57D-750

Methad Conditions LTPD
Subgroup & 7
Hizh temperature 1ife 1032 T, = 260%¢ ¢ = 340 hes
{non-operating) "
Electrical measurement See Table IV, steps 1,
2, 4 and 5
12

Source: https://assist.dla.mil -- Downloaded: 2016-12-04T15:17Z
Check the source to verify that this is the current version before use.
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TABLE III Group C inspection {(all quality Tevels)

HIL-STD-750

Examination or test Method Conditions LTPD
Subgroup 1 15
Physical dimensions 2056 (See figure 1)
Subgroup 2 10
Thermal shock 1056 Test condition B
{glass strain)
Terminal strength 2036 Test condition E
. L 3
Hermetic seal 1071
a. Fine leak a. Test condition G
or H Legk rate =
1 X107 atm.cc/sec.
b. Gross leak b. Test condition A.
C, Dor F
Moisture resistance 1021 Omit initial conditioning
External visual 207
Electrical measurement See table IV, steps 1
2 and 3
Subgroup 3 10
Shock 2016
Vibration, variable 2056
frequency
Constant acceleration 2088 10,000 G
Electrical measurement Table IV, steps 1, ¢
and 3
Subgroup 4 15
Salt atmosphere 1041
(corrosion)

13
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TABLE IIT Group C inspection (all qualicy levals)

MIL-STD-750 |
Examination or test Method Conditions LTPD
Subaroup 5
Hot applicable
subgroup 6 V=10
Staady state operzticn life 102¢ T, = 2¢%C 100D hours
1 - d l"
JCB 0 vdc
= 1
PT iy
Eiectrical measurement Table IV, steps 1, 2,
4 and 3

14
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TABLE IV Groups A, B
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and C Electrical Measurements

MIL-STD-750 LTPD Limits
JAN/
TX
Steps| Examination or test{ Method i Conditions TXY | Symbol t Min MaxjUnits
1. Collector to emitter] 3021 Veg = 60 Vdc I'EST 1.0 | uAdc
cutoff current -
2. Forward - current 3076 VCE = 5 Vde hFEZ
transfer ratio I = 2.5 Adc
Putsed (see 4.5.1)
2N5152 30 980 --
2N5154 70 200 --
3. Breakdown voltage 3011 | 8ias condition A
collector to I = 100 mAdc v -« 80 Yde
emitter o {BRYCEQ
IB =0
Pulsed (see 4.5.1)
4. | collector to emitted 3081 | v . = 60 Vac Iepsi] 1002 of
cutoff current . initial
value or
100 nA
whichever
is greater
5. | Forward - current | 3076 | I, = 2.5 Adc heept! |+ 208
transfer ratio v =5 vdc £e change
CE from initial
Pulsed {see 4.5.1) reading

1/ Devices which exceed the Group A limits for this test 'shall not be accepted

15
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4

A,V is a -30 V pulse (from OV) into a 50 ohm termination.

gen

8. The Vgen waveforms is suppliad by a generator with following characteristics:

t, < 19 ns, t. 2 15 ns, I

f out

= 50 ohm, duty cycle < 2%, tw

= 20 usS.

C. Waveforms are monitored on an oscilloscope with the following charactersitics:

tr < 15 ns, Rin > 10 M ohm, Cin <}1.5 pF.

D. Resistors must be ngninductive types.

m

ringing,
FIGURE 3 Switching Time Test Circuit

16
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Rggt1 =10

Rgg2 = 100% SCOPE SCOPE
L=0.3mH Yin Yce
RL=0.12
vee=10V
icM=10A
Vg1 =10V
vggz =4V

1{0)4

SCOPE Ry caD = AL
COMMON

PULSE
GEMERATOR

Fese cmemcauny
-
L P |

Y

¥ . |‘l o -
—i1} .
vVaai vee
CURRENT PROBE

TEXTRAONIX P D2
OR EQUiV.

FIGURE 4 Unclamped Inductive Load Energy Test Circuit
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FIGURE 5 Maximum Safe Operating Area
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4.5 Methods of examination and test., Methods of examination and test shall be
as specified in the approgriate tables and as follows:

4,51 Pulse measurements. Conditions for pulse measurements shail be as cpec-
ified in Secticn 4 of MIL-STD-750,

4.5.2 Thermel resistance, Thermal resistance measurements shall be conductad in

accordance with Mechod 313V of MIL-STD-750. The follgwing details shail apnly:

eurrent magnituds during power application shail be 320 m Adc.

2. {otlenter

b. fcllector to emitter voltage magnitude shall be 10 Vdc.

€. Raference temperature measuring point shall be the case.

d. Referenca point temperature shall be within the range T >°5 C ,75 C.

Actual temperature shall be recorded.
a. Mounting arrangement shall be wiih_heat sink o case.
f. Magimum limit of Rg, shail be 15.0°C/H.
r

8.5.3 Incoecticn conditions. Unlass ornarwise specified herain all inscacticns

shall be conducted at & case temperature (7 ) of 250C.

5. PACKAGING

5.1 Packzging reguiremsnts. The requirements for packaging shall be in

o oa

accordance with MIL-5~7159300.

6.  NOTES

6.1 MNotes. The notes specified in MIL-5-19500 are applicable to this spec-
ification,

€.2 Complimentary lUse. The devices specified herein are designed for
ccmplimentary use with the 2115151 and 215183

€.3 QOrdsrire Dati. Procurement dolumenis sacula scacify the following:

a. lead finish (see 3.3.1)

Custodian Preparing activity

Air Force - 17 Air Force - 17
Review activities Agent

Air Force - 11, 19, , 35, g9 : )

0SA- ¢ OLA-EC

(FSC5961F-791)

18
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